Uremic or renal encephalopathy is an uncommonly reported syndrome of diffuse central nervous system (CNS) dysfunction that occurs concurrently with, and as a result of, renal failure. The clinicopathologic syndrome has been described in human being^,^.^.^.^.^^.^^ dogs,Ib woodchucks,' rats,6 and a cow.l5 To the authors' knowledge, it has not been previously reported in the horse. The case reported here therefore represents the first description of uremic encephalopathy (UE) in the horse and contrasts the histopathologic lesions from those reported in other species and illustrates a unique form of reactive astrogliosis in domestic animals.
A 13-year-old grade mare was presented to the Cornell University College of Veterinary Medicine with a 4-day history of progressive anorexia, listlessness, and bizarre behavior typified by periodic recumbency, head pressing, and seizure-like activity. Prior to admission, the mare had been treated daily for an undetermined and presumptive toxicity with thiamine, atropine, and mineral oil. Upon presentation, the mare was recumbent and semicomatose. Signs of central blindness were evident with no menace response and an intact pupillary light response.
On physical examination, she was found to be tachycardic (heart rate = 120/minute) and normothermic (38 C) with pink mucous membranes and a capillary refill time of less than 2 seconds. Rectal examination revealed an impacted small colon with minimal gas distention. Differential diagnoses included viral encephalitis, hepatic encephalopathy, lead poisoning, leukoencephalomalacia, renal failure, prosencephalic neoplasia, and colon obstruction.
Among the diagnostic tests performed were a complete blood count, biochemical profile, and a cerebrospinal fluid tap. Abnormal results included a mild anemia (packed cell volume 29%; normal = 3 1-43), a neutrophilic leukocytosis (white blood cells = 26.1 thousand/& normal = 5.5-12.0; neutrophils = 24.3 thousand/pl; normal = 2.6-6.5), lymphopenia (1.3 thousand/pl; normal = 1.6-6.2), hypoalbuminemia (2.1 g/dl; normal = 2.7-3.7), and hyperglobulinemia (4.5 g/dl; normal = 3.44.3). Serum potassium and chloride concentrations were both low at 2.1 mEq/liter (normal = 2.84.8) and 80 mEq/liter (normal = 97-107), respectively. The mare also was found to be markedly azotemic with a blood urea nitrogen (BUN) of 166 mg/dl (normal = 10-27) and creatinine of 8.2 mg/dl (normal = 1.0-2.0). Cerebrospinal fluid analysis was unremarkable on routine examination.
Due to the clinical findings of severe neurologic dysfunction and small colon impaction, a poor prognosis was given. The owners elected to euthanatize the mare.
At necropsy the kidneys were slightly enlarged and pale tan on both the capsular and cut surfaces. The content of both the large and small colons was remarkably firm and dry Vet Pathol 3 l : l . 1994 Fig. 1 . Kidney cortex demonstrating marked diffuse tubular dilation and regeneration with interstitial fibrosis and nonsuppurative inflammatory infiltrates. In addition, there is acute tubular necrosis (arrow). Bar = 100 pm.
indicating severe dehydration. There were no gross abnormalities of the CNS.
Tissues were fixed in 10% neutral buffered formalin and processed for routine histologic examination, and 6-pm-thick sections were stained with hematoxylin and eosin.
Histologically, the kidneys demonstrated severe, subacute, diffuse tubulo-interstitial nephritis with superimposed acute tubular necrosis ( Fig. 1 ). There was moderate diffuse tubular dilatation with expansion of the interstitium by small amounts of mature connective tissue, moderate edema, and moderate multifocal predominantly lympho/plasmacytic inflammatory cell aggregates. There were frequent dilated tubules with amorphous proteinaceous casts and occasional cellular casts composed of primarily degenerate neutrophils admixed with sloughed necrotic tubular epithelial cells and occasional mononuclear inflammatory cells. Most tubules and collecting ducts had variably flattened and attenuated lining epithelial cells, and some tubules had plump basophilic epithelial cells with piling up of cells and rare mitotic figures indicating regeneration. In addition to the chronic tubulo-interstitial changes, there were scattered individual and small groups of acutely necrotic tubules with cytoplasmic hypereosinophilia and nuclear pyknosis ( Fig. 1) .
Sections of the CNS from the cerebral cortex, basal nuclei,
Fig. 2.
Cerebral cortex gray matter, HE stain. Note the edematous reactive astrocytes with swollen vesicular nuclei and a tendency to cluster in small groups usually around neurons (arrows). Bar = 25 pm. Inset: Higher magnification of a large astrocytic cluster with marked nuclear vesiculation. thalamus, midbrain, medulla, cerebellum, and several levels of the spinal cord were examined histopathologically. Throughout all regions of the brain but sparing the spinal cord, there was a marked diffuse reactive astrocytic change. The astrocytes in both gray and white matter were characterized by marked cellular swelling with indistinct cell borders, a large amount of clear or sometimes lightly eosinophilic cytoplasm, and centrally located nuclei. The nuclei were large, averaging approximately 15 pm in diameter, and were often irregularly shaped with prominent nuclear indentations and folds. The chromatin pattern was open-faced with small, indistinct chromatin bodies. In addition to the individual cellular changes, within the cortical gray matter and the cerebellar Purkinje cell layer, the astrocytes tended to cluster in small groups of twc to six cells, often adjacent to neuronal cell bodies (Fig. 2) .
Unstained deparaffinized sections of the cerebral cortex were immunohistochemically stained for glial fibrillary acidic protein (GFAP) and s-100 antigen using a strepavidinbiotin procedure (dilutions: GFAP 1 : 3,000, Dako, Santa Barbara, CA; S-100 1 : 100, Dako). Negative controls were stained with non-immune serum from the same species as the primary antibody. Positive control tissue was cerebral cortex from an age-and sex-matched normal horse stained with the same procedure.
Virtually all reactive gray matter astrocytes were negative for GFAP, but the glial limitans and fibrous white matter astrocytes retained strongly positive GFAP cytoplasmic filaments ( Figs. 3, 4) . Control tissue from the age-and sexmatched normal horse demonstrated a small amount of positive fibrillar material at the periphery of most normal protoplasmic gray matter astrocytes as well as strongly positive glial limitans and white matter fibrous astrocytes. In contrast, in both the affected and control horse tissues, virtually all astrocytes in both the gray and white matter exhibited positive immunoreactivity for S-100 antigen with dense, granular, primarily perinuclear staining (Fig. 5) .
Based upon the laboratory data and gross and histopathologic findings, the final diagnosis was severe, subacute, bilateral, chronic, and diffuse tubulo-interstitial nephritis with superimposed acute tubular necrosis resulting in clinical renal failure and clinical and histopathologic changes of UE.
In human beings a specific constellation of clinical signs has been associated with UE. This includes sensorial clouding, loss of sustained postural tone (asterixis), tremors, myoclonus, tetany, motor abnormalities, and c o n v~1 s i o n s .~~~~ In Fig. 4 . Cerebral cortex white matter glial fibrillary acidic protein immunostain with methyl green counterstain. Note the marked positive staining of astrocytic cytoplasmic processes. Bar = 40 fim. animals, the syndrome is less well characterized and is typically described as a nonspecific CNS disorder with paroxysmal signs of both neuronal depression and excitation indicating a diffuse neuronal dysfunction.I6
The pathologic lesions of UE in human beings are varied, and no consistent gross or histopathologic abnormalities of the CNS are r e p~r t e d .~.~~-~~ In animals with known or suspected renal failure a characteristic white matter spongiform change has been described in the brain in two woodchucks with end-stage renal failure, in sheep with experimental chronic copper toxicity and hemoglobinuric nephrosis, and in a Holstein cow with interstitial nephritis.l-ll.15 The CNS histopathologic lesions in these cases were all similar and were characterized by spongiform change (polymicrocavitation) of cerebral, cerebellar, and brainstem white matter. In addition, swollen astrocytes with large nuclei, prominent nucleoli, and cytoplasmic distention were noted in the sheep with copper toxicity.' I These cells correspond to Alzheimer type I1 astrocytes, which are commonly seen in hepatic encephalopathy lesions in human beings and some animals. Some of the structures that have been reported as nucleoli in Alzheimer type I1 cells may represent chromatin bodies, which ultrastructurally are composed of microfilaments and gly~ogen.~ Alzheimer type I1 cells were not observed in either the woodchucks or the cow with UE. bolic disturbances, and amino acid imbalances have been identified and implicated as causative agents in this synd r~m e .~.~~~.~.~~-~~ Abnormalities of the blood-brain barrier and transport mechanisms have been identified in experimental uremia in rats, and the most consistent biochemical abnormalities associated with clinical manifestations of UE are imbalances of concentrations of cerebrospinal fluid amino acids and their derivatives.2,6 However, there is as yet no accepted unifying explanation for this clinicopathologic syndrome.
Uremic encephalopathy has now been identified as a distinct clinicopathologic syndrome in a number of domestic animal species. This represents the first report of UE in a horse and the lesions are similar to those of equine hepatic encephalopathy being characterized by a diffuse CNS-reactive astrogliosis or Alzheimer type I1 astrogliosis, without white matter spongiform change. Though the pathogenesis of this disorder remains obscure, the combination of clinical signs, serum and urine laboratory abnormalities, and histopathologic findings is distinct and should prove diagnostic for this syndrome. The combined lesions of white matter spongy degeneration and Alzheimer type I1 cells are most commonly associated with hepatic encephalopathy and have been reported in several domestic animal species.? In our experience, lesions of hepatic encephalopathy in the horse are characterized by a predominance of Alzheimer type I1 astrocytes with minimal or no white matter spongy change, and this unique equine form of reactive astrocytic change was also found in the case of UE presented here.
The immunohistochemical findings of negative GFAP and positive S-100 immunoreactivity of the gray matter Alzheimer type I1 astrocytes present in this case are also described in human beings with Wilson's disease and resultant hepatic en~ephalopathy.'.'~ This selective deficit of GFAP expression is thought to represent an unusual form of protoplasmic reactive change progressing to a degenerative change and has been referred to as "gliofibrillary dystrophy."' This change can be contrasted with the more typical form of astrocytic reaction characterized by hypertrophied cells with increased GFAP expression and complex cellular branching.
The pathogenesis of the CNS disturbances in uremia is unknown, but a large number of biochemical abnormalities are known to occur in uremia. Many uremic toxins, meta-I15 protein immunohistochemical study of Alzheimer Cyst formation in the equine testis occurs rarely. In some reports, the etiologic diagnosis of the testicular cyst was not whereas in others, the cysts were associated with t e r a t o m a~.~-~.~ This report is a description of an equine testicular cyst unrelated to teratoma.
A 2-year-old unilaterally cryptorchid Clydesdale stallion was admitted to the Auburn University Large Animal Clinic for castration. The right testis was in the scrotum, but neither the left testis nor the left epididymis could be located by external palpation of the left inguinal canal. Rectal palpation of the testis and left vaginal ring was not attempted.
The horse was anesthetized and positioned in dorsal recumbency. The left inguinal ring was explored, and the vaginal process was incised to expose the body of the epididymis. Despite persistent traction on the proper ligament ofthe testis and enlargement of the vaginal ring to accommodate two fingers, the testis could not be exteriorized. The vaginal ring was further enlarged to admit an entire hand. The abdominal testis was round, with an estimated diameter of 20 cm. Following aspiration of about 1 liter of clear yellow-tinged fluid, the testis was exteriorized and removed.
The spermatic cord and epididymis appeared grossly normal. The testis was brown-tan, atrophic (12 x 4 x 1.5 cm), and flattened lateromedially. A 16x 16x 10-cm cyst protruded from the dorsal surface of the testis. The wall of the cyst was 2 mm thick and was encompassed by and firmly adhered to the tunica albuginea. The cyst contained approximately 225 ml of thin, dark yellow, clear fluid, and its lining was gray to pearlescent and smooth. Multiple sections of the wall of the cyst, atrophic testis, and epididymis were embedded in paraffin and sectioned. Some sections were stained with hematoxylin and eosin and Masson's trichrome.
The cyst was lined with a single layer of low cuboidal 
